Aim of the study: Assessment of the concentrations of the soluble forms of the cell adhesion molecules sVCAM-1 and sICAM-1 in serum of female breast cancer patients. These concentrations were assessed in relation to factors such as: age, clinical stage of disease, histological grade of malignancy, the status of the local axillary lymph nodes, and the size of the primary tumour. Material and methods: A total of 103 patients with primary breast cancer, aged 29 to 89 years, were investigated. The control group consisted of 40 healthy women. The concentration of sVCAM-1 and sICAM-1 was assessed using an enzyme-linked immunosorbent assay (ELISA). Results: The results of the study suggest that the level of sVCAM-1 and sICAM-1 in the serum of women with breast cancer was significantly higher than that seen in the serum of healthy women. A relationship between the level of adhesion molecules and the stage of clinical disease advancement was discovered. There was a correlation between the increasing concentrations of sVCAM-1 and sICAM-1 and with the aggressiveness of the disease. Significant differences were also found in the group of women with metastases to the axillary lymph nodes and women with no metastasis. Similar correlations were found between sVCAM-1 and sICAM-1 levels and the size of primary tumour.
Introduction
Angiogenesis plays a significant role in the growth of malignant tumours and the formation of remote metastases [1] . Vascular endothelial cells are of particular importance in the early stages of this process, owing to their adhesive properties, which maintains close contact between cells. This cellto-cell adhesion, and adhesion to macromolecules of the extra cellular matrix (ECM), is possible because of the presence of so-called cell adhesion molecules (CAMs), expressed on the external surface of the endothelium [2] . Under normal, physiological circumstances, adhesion molecules take part in the processes of embryogenesis, the growth of organs and the protection of the endothelium against the migration of cells from the surrounding stroma through strong interactions between cells as well as between cells and elements of the ECM. It is worth noting that the loss of such interactions allows cancer cells to become detached from the mass of the primary tumour, to pass through the walls of the blood vessels, and to form new remote metastases [2, 3] . On the basis of differing biochemical structure and function, CAMs may be divided into five families of adhesion proteins: cadherins, integrins, selectins, immunoglobulin molecules, and CD 44 molecules [2] .
Previously, it was shown that the cell adhesion molecules immunoglobulin superfamily (ICAM-1, ICAM-2 and ICAM-3), the vascular cell adhesion molecule (VCAM-1), and the platelet endothelial cell adhesion molecule (PECAM) have significant roles in tumour progression [4] . The adhesion protein ICAM-1 is built from five immunoglobulin-like domains, for which the ligand is integrin β2. To date, CAMs have been demonstrated on the surface of the endothelium, macrophages, lymphocytes, monocytes, and cells of the immune system. Similarly, VCAM-1 is a glycoprotein, characterised by the presence of seven immunoglobin domains, linked by disulphide bridges. The main ligands for VCAM-1 are integrins α4β1 and α4β7. The presence of these adhesive molecules has been demonstrated on the cells of the endothelium, macrophages, dendritic cells, and on the surface of cancer cells. Under the influence of pro-inflammatory cytokines, endothelial cells increase the expression of the proteins ICAM-1 and VCAM-1, thereby increasing the adhesion between the vessel walls and leucocytes. Besides being found as membrane-bound molecules, both ICAM-1 and VCAM-1 also have soluble forms, known as sICAM-1 and sVCAM-1 [5] . Increased concentrations of such molecules in the bodily fluids may be a prognostic marker in the course of many neoplastic diseases. During the last decade, scientific publications have described increased expression of adhesion molecules in patients suf-fering from cancers of the stomach, urinary bladder, urinary tract, and pancreas, as well as in cases of melanoma [6] [7] [8] [9] . In these studies it was observed that changes to the expression or function of adhesion molecules sICAM-1 and sVCAM-1 leads to a loss of mutual binding between vascular endothelial cells, a necessary condition for the migration of cancer cells through damaged vascular walls and the formation of remote metastases [5] .
The aim of the study was to assess the concentrations of the soluble forms of inter-cellular adhesion molecule-1 (sICAM-1) and vascular cell adhesion molecule-1 (sVCAM-1) in serum from women suffering from breast cancer. Other prognostic factors taken into account included the following: age, clinical stage of disease advancement, histological grade of malignancy, status of local axillary lymph nodes, and the size of the primary tumour.
Material and methods
The adhesion molecules sICAM-1 and sVCAM-1 were demonstrated in the serum of 103 women with breast cancer, prior to surgery. Patients with primary breast cancer, before first surgery, were included into the study. Patients who used neoadjuvant chemotherapy were excluded from the study group. The women were aged between 29 and 89 years (average age 56 years). The patients were treated in the Department of Oncological Surgery within the Oncology Division of Poznan University of Medical Sciences. Control material consisted of serum drawn from 40 healthy women aged between 24 and 75 years (average age 47 years). The Bioethics Committee of Poznan University of Medical Sciences gave consent prior to undertaking the study. Patient characteristics are shown in Table 1 .
The concentrations of sICAM-1 and sVCAM-1 were determined using an enzyme-linked immunosorbent assay (ELISA) (Quantikine tests, R&D Systems).
Statistical analysis
The concentration levels obtained for the analysed molecules were investigated statistically using the software Statistica 8.0. Prior to the statistical analysis the parameters were checked to ensure a normal distribution -this was done using a Shapiro-Wilk W test. For the purpose of testing for differences between the tested groups where normal distribution was not determined, a non-parametric U Mann-Whitney test was applied. Results were considered statistically significant where p < 0.05.
Results
In the control group of 40 women, the average concentration of sICAM-1 and sVCAM-1 in the serum was significantly lower than in the group of 103 women with breast cancer (Tables 2, 3 ). The median concentration of sICAM-1 amongst women with malignant breast tumours was almost three times greater, and for sVCAM-1 more than twice as high as it was in the healthy women. These differences were statistically significant (Figs. 1, 5 ). The mean and median concentrations of sICAM-1 and sVCAM-1 in post-menopausal women was elevated in comparison to the concentrations of the same molecules in women who
had not yet reached menopause. These tendencies were not statistically significant, however (Tables 2, 3 , Figs. 2, 6 ). The median concentrations of sICAM-1 and sVCAM-1 rose in a statistically significant manner, in line with increasing grade of histological malignancy in cases of breast cancer. A significant relationship was found between the value for sICAM-1 and grades G1, G2, and G3 of histological malignancy (Table 2 ). A similar relationship was found during the analysis of sVCAM-1 results ( Table 3) .
The median concentrations of sICAM-1 and sVCAM-1 increased together with advancing stage of the disease process (Tables 2, 3 ). The highest median concentrations for sICAM-1 and sVCAM-1 in serum were seen in women with stage III of the neoplastic disease processes (Tables 2, 3 ). A significant relationship was also found between the values of the tested molecules and stages I and II of the clinical disease process.
A statistically significant difference was also found between the determined levels of adhesion molecules in the serum of women with metastases to the axillary lymph nodes, in comparison to cases without metastases (Tables  2, 3 Increasing size of tumour was also related to higher concentrations of sICAM-1 and sVCAM-1 in patients with breast cancer (Tables 2, 3 ). Statistically significant differences were found between values of these proteins in patients where the tumour measured less than 20 mm in diameter, in patients where the tumour measured from 20 to 50 mm, and in patients where the diameter of the tumour was greater than 50 mm. Significant differences were also identified between the concentrations of sICAM-1 Table 1 . Clinical characteristics of the breast cancer patients
Parameter
Number of patients 
Discussion
The occurrence and development of a tumour is a multi-stage and long-lasting process, involving disturbances both intracellular and extracellular, which, in turn, allow cancer cells to spread through the tissues and organs [10] . Despite the enormous progress that has been made in the diagnosis and treatment of cancer, mortality from tumours remains high and the tendency does not appear to be falling [10] . It is evident that a significant factor in this situation is the formation of remote metastases. For that reason, scientific studies are carried out with the aim of discovering the mechanisms responsible for the development of the primary tumour and the formation of secondary metastatic tumours. Reports exist showing that CAMs present on the endothelial surface play an important role in the process of pathogenesis [11] . These proteins are responsible for intercellular adhesive conditions and for the attachment of leucocytes to activated endothelial cells in the blood vessels, both of which are important in extravasation and in the process of inflammation [12] . Assuming that inflammation is a state that generally precedes the formation of a tumour, disruptions to the expression of CAMs may lead to the loss of intercellular links and links between cells and the ECM. They may also promote the attachment of cancer cells to endothelial cells, thus further enabling the formation of metastases in remote organs [12] . Up to now, it has been shown that particles belonging to the immunoglobulin-like adhesins, apart from the transmembrane proteins (mCAM) associated with the cell membranes of the endothelium, can also occur in soluble forms (sCAM) [12] . The mechanism by which these molecules arise in the circulation remains partly unexplained. It is possible that sICAM-1 and sVCAM-1 may be secreted into the bloodstream from the surface of activated endo- Premenopausal Postmenopausal Control thelium. Circulating, soluble CAMs are smaller than those bound to cell surfaces as they are, in fact, only the extracellular domains of cell adhesion molecules. The concentration of these molecules in body fluids may reflect the degree of activation of lymphocytes, fibroblasts, and endothelial cells [13] . Currently, a number of research centres are committed to defining the role of adhesion molecules in angiogenesis and metastasis. It is believed that the concentration of the proteins sICAM-1 and sVCAM in peripheral blood and in cerebrospinal fluid may be useful in the early diagnosis of cancer, in the staging of the disease, and in monitoring treatment [14] .
Of particular interest is the participation of the soluble forms of the adhesion molecules sICAM-1 and sVCAM-1 in the pathogenesis of metastases in women with breast cancer. The number of reports in the literature for this problem remains small. Fox et al., in their experiments, demonstrated the presence of the protein sVCAM-1 only in the vascular endothelial cells of the tumour, but did not detect the presence of this molecule in normal vascular endothelium [15] . The presence of the adhesin VCAM-1 in the cells of primary tumours of breast tissue was observed by Guerrero-Esteo et al. [16] . The authors suggested that the expression of VCAM-1 is dependent on the presence of the ligand VLA4 and affects not only the activation of endothelial cells, but also contributes to cancer cell shedding from the surface of the tumour, thus enabling infiltration to the surrounding tissues [16] .
In this paper we evaluated the concentration of the soluble forms of vascular cell adhesion molecule-1 (sVCAM-1) and intercellular adhesion molecule-1 (sICAM-1) in women The studies demonstrated a significant increase in the concentration of the studied adhesion molecules in patients suffering from this cancer in comparison to the control group. Similar observations were made by Sheen-Chen et al., who observed a statistically significant increase in the concentration of sICAM-1 in the serum of patients with invasive breast cancer [17] . Similarly, Madej and O'Hanlon, in their study, showed elevated levels of adhesion molecules in the serum of patients with breast cancer [18, 19] . An increase in the concentration of the protein was also obtained in the case of other types of cancer. The Alexiou research group showed increased levels of ICAM-1 in the serum of patients with gastric cancer [6] . Sun et al. described high concentrations of sICAM-1 particles in the serum of patients with hepatocellular carcinoma and also observed a high expression of adhesin in cancerous tissue, compared to benign tumours and a control group [20] . De Vita et al. showed statistically significant increases in levels of the adhesion molecule ICAM-1 in the serum of patients with lung cancer, in comparison to a control group [21] .
In the present study, we also observed a high level of the soluble form of vascular cell adhesion molecule-1 (sVCAM-1) in patients with breast cancer, and these levels were significantly higher than in the control group. However, Byrne et al. demonstrated, in patients with breast cancer, not only a significant increase in the level of the protein in comparison to healthy controls, but they also hypothesised that sVCAM-1 production in the epithelial cells may promote production of vascular endothelial growth factor-VEGF [14] . Elevated concentrations of sVCAM-1 have also been demonstrated in the course of other types of cancer. The researchers Ke and Ding et al. studied patients with gastric cancer and showed not only a high content of VCAM-1 in the tumour tissue, but also obtained a positive correlation between adhesin and the density of blood vessels, in comparison to healthy tissue [22, 23] . The authors suggest that the molecule VCAM-1 may be an important proangiogenic factor responsible for the process of tumour vascularisation. Assuming that the soluble forms of adhesion molecules are activators of angiogenesis, they suggest that the increased production of the adhesion molecules ICAM-1 and sVCAM-1 by endothelial cells influences not only the process of tumour growth, but also the migration of cancer cells to distant tissues and organs.
One of the most important prognostic factors in breast cancer patients is age. Epidemiological studies carried out in recent years show that women under 35 years of age with this cancer have a significantly worse prognosis when compared with older women. In our study we found that postmenopausal women had median concentrations of sICAM-1 and sVCAM-1, which were slightly higher than the values for the same parameters in premenopausal women, but without evidence of statistical significance. In his experience, Madej identified no differences in the concentrations of sICAM-1, relative to menopausal status, in the serum of patients with breast cancer [18] . The lack of data in the literature regarding the concentration of sVCAM-1 in pre-and post-menopausal patients with breast cancer makes it impossible to compare their results with those obtained in other research centres. Czekierdowski et al. evaluated the concentrations of sVCAM-1, but in the serum of women with ovarian cancer before and after the menopause. They found no significant age dependent differences in protein concentration [24] .
It is important, in determining the prognosis and in selecting the right treatment, to correctly assess the cancer staging. Our study showed that the higher the clinical stage of the disease according to the TNM classification, the higher the concentration levels of the adhesion molecules sICAM-1 and sVCAM-1, in the serum of women with breast cancer. Statistical analysis showed significant dif- ferences between values for sICAM-1 and sVCAM-1 in stages I, II, and III of the disease. These results suggest that the assessment of soluble forms of the adhesion molecules sICAM-1 and sVCAM-1 complement the clinical staging of the disease. Sheen-Chen et al. analysed the concentration of sICAM-1 in the serum of patients with invasive breast cancer and showed a significant correlation between serum sICAM-1 levels and the severity of the disease [17] . Nothing is to be found in the literature, however, regarding the concentration of the soluble molecule sVCAM-1 in women with breast cancer, depending on the stage of cancer. Another important prognostic factor in patients with breast cancer is the status of the axillary lymph nodes. The presence or absence of lymphatic metastases is considered to be one of the most important prognostic parameters in the course of the disease. The greater the number of positive axillary lymph nodes, the more unfavourable the prognosis. In the absence of axillary lymph node involvement, cancer recurrence is likely only in about 20-30% of patients [25] . In our study, patients with metastases to the axillary lymph nodes showed higher values than were found in women without metastases, and these differences were statistically significant. These results confirm the experimental findings of other authors. Madej also observed a significant increase in the concentration of sI-CAM-1 in the serum of patients with breast cancer with distant metastases, when compared to the levels of adhesins in patients without metastatic disease [17] . Sheen-Chen et al. showed a similar relationship [17] . Byrne described a statistically significant increase in the concentration of sVCAM-1 levels in breast cancer patients who developed metastases in comparison to those in whom metastases were not present [14] . The statistically significant findings of Hyun et al. showed high levels of sVCAM-1 in patients with operable breast cancer and metastasis [26] . Similar findings, regarding sICAM-1 and sVCAM-1, were found in the cases of patients with stomach cancer in the study by Yoo et al. [27] . They found a positive correlation between the concentration of the studied molecules in the serum of patients, the stage of disease advancement, and the occurrence of distant metastases.
In analysing the results of the assessment of adhesion molecules, the size of the primary tumour was also taken into account. It is generally accepted that the likelihood of metastases occurring in women with tumours measuring greater than 55 mm is around 60%, whereas when the tumour measures less than 11 mm in diameter, that likelihood falls to 15%, and in patients whose tumours measure less than about 5 mm, the risk amounts to only 5% [25] . Our findings show that the greater the size of the primary tumour, the higher the mean and median concentrations were for the soluble forms of the adhesion molecules sICAM-1 and sVCAM-1. A lack of published reports concerning the levels of soluble forms of adhesion molecules, in relation to primary tumour size, makes it impossible for us to compare our results with those of other authors.
In conclusion, we found that the assessment of the soluble forms of the adhesion molecules sICAM-1 and sV-CAM-1 in the serum of women with breast cancer extends the panel of laboratory tests available to monitor the progress of the disease. In our work, we found that quantitative changes in the levels of the soluble forms of adhesion molecules may be related to impaired functioning of vascular endothelium and may be an important factor in the activation of endothelial cells. In turn, increased activation of the vascular endothelium can trigger inflammation processes, which may cause damage within the endothelium. Consequences of such damage include local growth of the tumour and the formation of remote metastases. Further studies to ascertain how components of the vascular endothelium participate and interact during the process of metastasis will be of interest to our department.
In conclusions: 1. Concentrations of the soluble forms of the adhesion molecules sICAM-1 and sVCAM-1 in the serum of women with breast cancer were significantly higher than in the serum from the control group, which may be indicative of increased activity in vascular endothelial cells. 2. Increased concentrations of the molecules sICAM-1 and sVCAM-1 in the serum of women with breast cancer may point to reduced interaction between endothelial cells and elements of the extracellular matrix. This phenomenon promotes the invasion of cancer cells into neighbouring organs and tissues. 3. There is a positive relationship between the concentrations of sICAM-1 and sVCAM-1 in women with breast cancer and the stage of the disease, including the presence of metastases to local axillary lymph nodes, indicating that assessment of these molecules may be used to monitor the clinical state of the patient.
